Introduction {#Sec1}
============

Reversibility is a phenomenon referring to the ability of a system to execute its actions in both the forward and the reverse directions. It occurs in a variety of systems (e.g., quantum computation and biochemical systems) and can be exploited in many others (e.g., robotics, manufacturing systems, distributed systems, and logical circuits). Recently, its study has been receiving increased attention. Among the developments, a variety of formal frameworks of modeling reversible systems have been defined, contributing towards an improved understanding of the basic principles of reversibility. A natural next step for this work is the development of techniques for the automatic analysis of reversible models.

In this paper we consider reversing Petri nets (RPNs) \[[@CR8]\], a recently-proposed Petri-net framework that allows transitions to be carried out in both the forward and the reverse directions in or out of causal order. Specifically, we present work in progress towards a framework for simulation and analysis of RPN models via an encoding into Answer Set Programming (ASP) \[[@CR5], [@CR7]\] a declarative programming framework with competitive solvers that may be used to model a system as well as a query about the system via a logic program, such that models of the program provide the answers to the set query. ASP has proved to be a promising approach towards reasoning about Petri nets with encodings to ASP having been defined for a number of Petri net subclasses, e.g. \[[@CR1]--[@CR3], [@CR6]\]. In this paper we provide a systematic way of modelling RPNs and their causal reversibility semantics in ASP. Our long term goal is the development of an ASP-based framework for reasoning about RPN models.

Reversing Petri Nets {#Sec2}
====================

In this section we briefly recall RPNs and we refer the reader to \[[@CR8], [@CR9]\] for the full exposition. Following \[[@CR9]\], RPNs are cyclic structures defined as follows:

Definition 1 {#FPar1}
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We proceed to define forward execution for RPNs.

Definition 2 {#FPar2}
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Thus, when a transition is executed all tokens and bonds on its incoming arcs are relocated from its input to its output places with their connected components.

According to causal-order reversibility, a transition may be reversed only if all transitions causally dependent on it have either been reversed or not executed:
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When a transition is reversed in a causal fashion, all tokens and bonds in the postcondition of the transition and their connected components are transferred to the incoming places of the transition and any created bonds are broken.

Definition 5 {#FPar5}
------------
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Fig. 1.Causal-order example

An example of a reversing Petri net can be seen in Fig. [1](#Fig1){ref-type="fig"} simulating the assembly of a three-component product. A principal process during the re-manufacturing of worn-out or malfunctioning products is disassembly that enables the dumping, cleaning, repair or replacement of components as desired. Therefore, reversible computation can be used as means of modelling the disassembly process while considering the product topology, mating relations, and precedence relations. Here we have three tokens *a*, *b*, and *c* representing the three components of an assembly line. Token *d* represents the machine required in order to assemble the components into the final product. The system consists of two independent transitions, $\documentclass[12pt]{minimal}
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Translating RPNs into ASP {#Sec3}
=========================

Answer Set Programming (ASP) \[[@CR5], [@CR7]\] is an extension of logic programming with negation as failure under the *stable model* or *answer set* semantics. An Answer Set Program is a set of rules of the form$$\documentclass[12pt]{minimal}
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                \begin{document}$$\{A_0^1, \ldots , A_0^k\}$$\end{document}$ must hold true, which introduces a form of non-determinism that is useful when modeling combinatorial problems. ASP systems, such as clingo, couple a highly expressive language that provides constructs from various fields, such as database systems and constraint programming, with powerful solvers. Therefore, these systems can be successfully applied to a large number of application domains and they have shown the potential of solving problems with thousands of variables and hundreds of thousands of rules in seconds or minutes.

In the following we discuss a translation of reversing Petri nets under the causal reversibility semantics into ASP for a simulation length that is encoded by the last argument $\documentclass[12pt]{minimal}
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In the following we discuss some excerpts of the RPN to ASP translation that has been implemented in the clingo system.

Forward-enableness of Definition [2](#FPar2){ref-type="sec"} is captured via $\documentclass[12pt]{minimal}
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If none of the conditions that disable a transition holds, the transition is enabled, as encoded by the rule in line 11. The *choice rule* of line 12, allows clingo to assign any of the values true or false to atom $\documentclass[12pt]{minimal}
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Lines 15--22 of Listing 3.1 are the rules for bond addition and deletion that result from forward transition execution. The rule in line 15 says that $\documentclass[12pt]{minimal}
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The ASP encoding can be used to tackle complex reasoning tasks about RPNs. Consider for instance the network of Fig. [1](#Fig1){ref-type="fig"} and its ASP representation in Listing 3.3. Lines 1--6 define the places, transitions and tokens of the network, whereas lines 8--24 list all arcs (both incoming and outgoing) associated with each transition. For instance, lines 11--14 define all arcs related to transition t2. Finally, line 26 represents the initial marking.

Then, query asks for a reachable state where there is a place $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\texttt {P}$$\end{document}$ s.t. $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$a-c \in M(\texttt {P})$$\end{document}$. The ASP encoding returns the answer fires(t1,0) fires(t3,1). For query

where a state is sought where some place holds a bond with at least three tokens, clingo finds the solution fires(t1,0) fires(t2,1) fires(t4,2). We can arbitrarily increase the complexity of the analysis, by combining aggregates such as \#count in conjunctive or disjunctive queries such as where we search for a sequence of transitions that first create a bond with at least three tokens, and then a bond with *a* and *c* but without *b*. The answer computed now is fires(t1,0) fires(t2,1) fires(t4,2) reversesC(t4,3) reversesC(t2,4) fires(t3,5).

Conclusions {#Sec4}
===========

We have presented work in progress towards a methodology for analysing reversible systems modeled as RPNs based on ASP. We argue that ASP allows an expressive and flexible methodology for defining models and their properties, which can handle difficult queries on complex models efficiently. As future work, we plan to extend our translation to out-of-causal reversibility, to capture a variety of RPN properties, and to apply the framework on realistic systems. We remark that a complementary approach which we are also exploring is the possibility to exploit existing model-checking Petri net tools (CPN tools \[[@CR10]\]) for analysing RPN models through a translation of RPNs to coloured Petri nets \[[@CR4]\]. CPN tools is a graphical tool for the simulation of Reversing Petri nets. However, it does not pursue more than one simulation and it breaks transition choice ties randomly. Its effectiveness is still to be verified as the approach is characterized by a blow-up in the state space during the translation to coloured Petri nets.
